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Abstract 
It is essential for the Chinese chemical industries to develop circular economy in order to maintain a sustainable 
development, due to the serious situations of resources shortage encountered with Chinese chemical industries. The 
evaluation system based on economic development, exploiting resources, reducing effluents, biological efficiency 
and developmental potential, together with the weighted sum model, has been used to make a comprehensive 
evaluation on the developing level of the chemical industries. And the execution of the circular economy 
development in the chemical industries has been checked. Therefore, the successive decisions about the circular 
economy development can be made accordingly. The analysis on the circular economy development of Beijing 
Petrochemical New Material Base indicates that the circular economy development in this base is in a transitional 
stage from the traditional development model to the circular mode. In the future, more importance should be attached 
to the efficiency of resources-exploiting and its potential development to raise the level of the circular economy 
development. 
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1. Introduction 
At present, Chinese social economic development has been limited by many eco-environmental 
problems such as the lack of resources, pollution explosion, damaging of ecosystem, etc. Thus, the 
seeking of a sustainable economic developmental model is urgent need. Circular economy, which consists 
in the high efficiency of resources-exploiting and recycling, is such kind of economic development model. 
 
* Corresponding author. Tel.: +86-27-87194823; fax: +86-27-87194823. 
E-mail address:lilianlrh@sohu.com. 
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of 
Environment, Beijing Normal University. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1596  R.H. Li and C.H. Su / Procedia Environmental Sciences 13 (2012) 1595 – 1601 R.H. Li et al. / Procedia Environmental Sciences 8 (2011) 1622–1628 1623 
 
It aims at quantity-reducing, recycling and resourcing and features in low consumption, low discharge and 
high efficiency. Therefore, the development of circular economy to build an economical and 
environmental society is necessary for China to realize the harmonious development socially, 
economically and environmentally. 
As the backbone of Chinese industry, the increase production rate of chemical industries has 
outweighed that of GDP, making 35% of profit in national-scaled enterprises, which contributes a lot to 
Chinese social and scientific advances. However, the Chinese chemical industries are severely challenged 
by resources and environment problems. For example, 40% of petrol and more than 70% of natural rubber 
are imported, and the main chemical minerals are inadequate, especially kalium, phosphor, sulfur, and 
boron are severely deficient [1]. Therefore, the development of circular economy, which is the backbone 
of the national development of circular economy, is bound to maintain sustainable but new development 
in the whole chemical industry. 
Many enterprises, such as Xingfa [2], Shenhua [3], Shuanghuan [4], Juhua [5] etc. have applied circular 
economy into practice. For example, Xingfa Group has converted the solid wastes, waste heat, effluents, 
and exhausts into new productive materials. All of the solid wastes have been reused, the same with more 
than 95% of exhausts and nearly 90% of the effluents. Meanwhile, more remarkable effects in the use of 
waste heat have been obtained. It proves that all the wastes have been converted into resources. 
However, compared with the advanced countries, though active measures have been taken in 
developing circular economy by Chinese chemical enterprises, we are still largely lagged behind in the 
comprehensive use of resources and pollution-reducing, etc. In order to check the effects of circular 
economy and to spot the existing problems timely, the research aims at the comprehensive evaluations of 
the development of circular economy in chemical enterprises to promote its sustainable development.  
Based on the analysis of the concept of circular economy, the evaluation index system on the 
development of circular economy in chemical enterprises and the weighted sum model have been 
established, which will be introduced in methods part. Then the evaluation results based on Beijing 
Petrochemical New Material Base have been introduced. Lastly, discussion and conclusion have been 
made. 
2. Methods 
2.1. Concept and features of circular economy 
Till now, there is no universal definition of circular economy, which has been intercrossed with biology, 
environment, and economics. Some scholars have defined it from narrow sense or broad sense [6]; some 
have defined it from different angles, such as eco-economy, resource-environment-economy, technique 
economy, material mobility, and economy increase etc. [7]; some have attached more importance to the 
comprehensive and economical and efficient use of resources; others stresses it as both economical and 
environment-friendly [8]. 
Despite the different definitions from different aspects, currently, circular economy has been interpreted 
mainly in two types. Firstly, concerning the balance between man and nature, the essence of circular 
economy can be regarded as to exploit resources as little as possible, or to recycle resources. Secondly, 
concerning the technique model of production, circular economy insists on the clean production and 
environment protection, whose technique features in the recycling of wasting and regeneration of 
resources [9]. Both types agree on the circular model of economic activities, namely, the model of 
―resources—products—renewable resources‖, which features in ―low-exploitation, high exploiting and 
low effluents‖. To sum up, circular economy has four distinctive features: ① minimum investment; ② 
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minimum effluents; ③ maximum exploiting of resources; ④ as little influence on environment as 
possible, or renewable. 
2.2. The evaluation index system on the development level of circular economy in chemical enterprises 
Based on the concept and features of circular economy and the systematic, representative and dynamic 
principles of the construction of the evaluation index system as well as the relevant researches [10, 11], 
the evaluation index system which is suitable to evaluate the development of circular economy in Chinese 
chemical enterprises has finally been established ( see Table 1). This index system includes target level, 
criteria level (5 criteria) and index level (18 indexes). 
Table 1 The evaluation index system on the development level of circular economy in chemical enterprises 
Target level Criteria level Index level 
The development level 
of circular economy 
X1 Economic development 
X11 Rate of output per unit of land area 
X12Per capita GDP 
X13 Rate of return on common stockholders’ equity 
X14 Annual growth rate of industrial added value 
X2 Resources exploiting 
X21 Water consumption per unit of industrial output 
X22 Energy consumption per unit of industrial output 
X23 Comprehensive utilization of industrial solid waste 
X24 Recycling rate of industrial water 
X3 Pollution reducing 
X31 Emission reduction rate of industrial wastewater COD 
X32 Emission reduction rate of SO2 
X33 Rate cut of industrial solid waste generation 
X4 Ecological efficiency 
X41 Wastewater emissions per unit industrial output 
X42 SO2 emissions per unit of industrial output 
X43 Solid waste emissions per unit of industrial output 
X44 Net profit / environmental investment 
X5 Developmental potential 
X51 The proportion of technology investment to total industrial output 
X52 Capital accumulation rate 
X53 Rate of sales growth 
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2.3. Weighted sum model 
(1) Standardization of the indexes 
As to the positive index (I.e. the bigger the index value, the higher the development level of the circular 
economy in the chemical enterprises), the standardized formula is: 
Xs
XR ii                                                                                                                                              (1) 
where Ri stands for the standardization value of the ith index, Xi stands for the evaluation value of of the 
ith index, Xs stands for the standard value of of the ith index. 
As to the negative index (I.e. the smaller the index value, the higher the development level of the 
circular economy in the chemical enterprises), the standardized formula is: 
Xi
XR si                                                                                                                                             (2) 
(2) Establishing the weight of each index 
Based on the level-analysis, the weight of each index can be confirmed in accordance with its relative 
importance.  
Take the calculation of the weight of the four indexes under the criteria level X4 Ecological efficiency 
for example, the importance matrix and weight of each index is given in Table 2. 
Table 2. The importance matrix and weight of each index under the criterion level X4 Ecological efficiency 
X4 X41 X42 X43 X44 W 
X41 1 1 1 2 0.286 
X42 1 1 1 2 0.286 
X43 1 1 1 2 0.286 
X44 1/2 1/2 1/2 1 0.143 
Note: According to the test result, CR<0.1，that means it conforms to the consistency standard. 
 
(3) Weighted sum 
By means of weighted sum and the information from each index, the comprehensive index of the 
development of the circular economy can be worked out to evaluate the status of the development of 








                                                                                                                                (3) 
where R stands for the development level of circular economy, ωi stands for the weight of the ith index. 
2.4. Classification of development level of circular economy in chemical enterprises 
The development of circular economy in the chemical enterprises evaluated can be ranked according to 
the classification standard shown in Table 3. 
Table 3 Classification standard for the development of circular economy in the chemical enterprises 
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The development of circular 
economy in the chemical 
enterprises 
0~0.5 0.5~0.65 0.65~0.85 0.85~1 
Rank Low Average Good Excellent 
Status  
Traditional model of 
economic 
development  
Transitional stage from 
traditional model to 
circular model 
Good development 






3.1. Introduction of the study area 
Beijing Petrochemical New Material Base, which is eco-industrialization-oriented, is one of the main 
pilot projects in Beijing 15th planning. With the guidance of circular economy and advantages of 
resources, technique and basic facilities in Yanshan Oil and Chemical Enterprise, the general 
constructional purpose of the base is to promote the development of circular economy and contribute to 
the structural adjustment in Beijing petrochemical enterprises and eventually enhance their comprehensive 
competitive power not only in the quality of their products but also in the market home and abroad, taking 
the development and market needs of relevant enterprises around Beijng into consideration. At present, 
the enterprises built in the Base include Beijng Shouchuang Ziwu Tire-making Limited Corp., Beijing 
Square Transformer Limited Corp., Beijing Hanqing Car Service Limited Corp and Beijing Yanshan 
Switch Factory [12]. 
3.2. The level of circular economy development in enterprises 
According to the data collected from the Beijing Petrochemical New Material Base (see Table 4), the 
comprehensive indexes (see Table 5) of the circular economy development can be obtained by formula 
(1)~(3). 
Table 4 Index data of circular economy in Beijing Petrochemical New Material Base 











X11 Rate of output per unit of land area (Billion/ha) 0.39 1.26 
X12 Per capita GDP (WanYuan / person) 5.7 5.5 
X13 Rate of Return on Common Stockholders’ Equity (%) 50 200 
X14 Annual growth rate of industrial added value (%) 6 8 
X2 Resources 
exploiting 
X21 Water consumption per unit of industrial output 
(Tons/million) 
9.5 1.2 
X22 Energy consumption per unit of industrial output 
(Tce/million) 
3.5 1.2 
X23 Comprehensive utilization of industrial solid waste (%) 30 75 
X24 Recycling rate of industrial water (%) 70 98 




X31 Emission reduction rate of industrial wastewater COD 
(%) 
44 66 
X32 Emission reduction rate of SO2 (%) 89 100 
X33 Rate cut of industrial solid waste generation (%) 60 80 
X4 Ecological 
efficiency 
X41 Wastewater emissions per unit industrial output 
(T/hundred million yuan) 
4.02 0.58 
X42 SO2 emissions per unit of industrial output(T/ hundred 
million yuan) 
5 10.2 
X43 Solid waste emissions per unit of industrial output (T/ 
hundred million yuan) 
166.6 135 
X44 Net profit/environmental investment 187.5 300 
X5 Development 
potential 
X51 The proportion of technology investment to total 
industrial output (%) 
1 2.5 
X52 Capital accumulation rate (%) 8 30 
X53 Rate of sales growth (%) 
10 20 
 
Table 5 The level of circular economy development in Beijing Petrochemical New Material Base 













result 0.53 0.52 0.34 0.77 0.64 0.35 
 
The value of circular economy development in Beijing Petrochemical New Material Base is 0.53, 
which indicates that it ranks average and just in the transitional stage from traditional model to circular 
model. Therefore, the Base is supposed to learn more and break through from the points such as 
production, sale and management during the development of circular economy to realize the harmonious 
development of economy, environment and ecology. 
To better analyze different aspects of the status of circular economy development, the same method has 
been applied to the evaluation of Criterion level and consequently, the comprehensive level (see Table 5) 
related to the five criteria, namely, Economic development, Resources exploiting, Pollution reducing, 
Ecological efficiency and Developmental potential, has been worked out. The results indicate that there is 
more room for the Base to improve the Resources exploiting and Developmental potential. The key is that 
the resources and water consumption per unit should be decreased to improve the efficiency of resource 
exploiting; meanwhile, long-term planning and more scientific and technological investment should be 
made to improve the developmental potential.  
 
4. Discussion and conclusions 
With the sharp conflict between the shortage of resources and infinite demands of economic 
development, the economy in our country has to be changed from the traditional developmental mode to 
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circular mode. The chemical industry also needs to take active move to develop circular economy for the 
sake of its own sustainable development. 
For China’s chemical industry has been active in the practice and exploration of circular economy, but 
compared with developed countries there is still a gap between the status quo, this study established a 
chemical evaluation of circular economy development level to check the effect of the implementation of 
circular economy. This evaluation method, composed of evaluation indexes and evaluation mode, can be 
used to reflect the level of circular economic development in chemical industries from economic 
development, resource exploitation, pollution reduction, eco-efficiency and developmental potential. With 
this method, the dynamic circular economic developmental trends of a certain enterprise can be analyzed; 
meanwhile, comparisons of circular economic development between different enterprises can be made. 
Accordingly, circular economy in chemical enterprises can develop in a rational way.   
Relying on the established evaluation method and the availability of data, an empirical study has been 
done in Beijing Petrochemical New Material Base. The result indicates that the circular economy 
development in this base is in a transitional stage from the traditional development model to the circular 
mode. In the future, more importance should be attached to the efficiency of resources-exploiting and its 
potential development to raise the level of the circular economy development. 
Chinese chemical enterprises have a long way to go in the circular economic development. They should 
learn from outstanding enterprises home and abroad actively while they are active in developing circular 
economy. Deep theoretical analysis on their material flow, energy flow, information flow and value 
stream of circular economy should be made to seek for some critical means to effect the efficient use of 
energy and resources, therefore Chinese chemical enterprises can get some experience to improve eco-
efficiency, to realize the harmonious development of economy, society and environment.  
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